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Abstract: Cold rolled steel (cold formed steel) is very often used in the field of construction in today's era.
However, in its use there are several drawbacks in the use of cold-formed steel, including a thin profile
and problematic joints. Especially in the cantilever structure, it is necessary to analyze because the
maximum deflection that occurs in the cantilever structure has a greater value than the simple supported
beam structure. This study aims to study the effect of load on deflection in each type of cold rolled steel
beam-column connection. The results of this study were obtained for the average maximum load that can
be resisted at the screw connection variation is 1.26 kN, the screw-gusset plate connection is 1.43 kN, the
screw-angle cleats connection is 1.92 kN, and at the screw-plate gusset-angle cleats connection is 1.60 kN
and for the average value of the deflection that occurs at the maximum load on the screw connection is
28.67 mm, at the screw-plate gusset connection is 58.99 mm, the deflection at the screw-angle cleats
connection is 22.44 mm, and the deflection at the screw-plate gusset-angle cleats connection is 49.67 mm.
From these data, it was found that the experimental load-deflection value relationship did not reach the
analytical load-deflection value. At the screw connection the damage that occurs is a tear in the
connection plate (tear out), at the gusset plate connection the damage that occurs is the collapse of the
gusset plate, at the screw-angle cleats connection the damage that occurs is 2, where the damage starts
with a tear in the connection plate ( tear out) and followed by damage to the screw that was damaged pull
out (pull out),
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1. PRELIMINARY

The use of steel in the world of construction is already familiar. Because steel is a
material with good properties and strength and is also economical. The use of steel
material is quite popular due to its faster fabrication process. However, the use of hot
rolled steel has disadvantages such as the limited form of the elements produced and a
reduction in strength with respect to temperature (Setiawan, 2008). One alternative type
of steel coated with aluminum as a conductor is cold-formed steel. Where cold rolled
steel has lighter properties than hot rolled steel and can produce a more economical
design (Faiq et al., 2017).

Cold rolled steel (cold formed steel) is very often used in the field of construction in
today's era. However, in its use there are several drawbacks in the use of cold-formed
steel, including a thin profile and problematic joints (Komara et al., 2017). Apriani et al.,
(2017) explained that light steel roof trusses in Indonesia often experience collapse. The
failure is caused by element failure, workmanship error or connection failure, so
analysis is needed.

Theoretically a cantilever structure is a structural element in which one side is free
or unsupported and the other side is clamped. However, in reality in the field, the
supported side cantilever steel structure is not certain to be clamped. It can be joint or
roll. Prapanca et al., (2002) explained that the maximum deflection that occurs in the
cantilever structure has a greater value than the simple supported beam structure. The

77


mailto:setya.nugraha.1705236@students.um.ac.id
mailto:nindyawati.ft@um.ac.id
mailto:roro.ningrum.ft@um.ac.id

large deflection will affect the stiffness value. The stiffness value of the cantilever
structure will be smaller than that of a simple supported beam. Where to ensure the
stability of the strength and rigidity of the structure, it is necessary to connect a
connecting device with a minimum strength and stiffness equal to the main
elements/components of the structural system (Nur and Utiarahman, 2012). This
explains that connection elements have an important role in the stability and strength of
structures, especially cantilever structures.

The shape and type of connection in cold rolled steel contributes greatly to the
rigidity and stability of the cold rolled steel structure. Research by (Lee et al., 2014)
explained that there are 4 types of beam-column joints for cold-formed steel, where
each type of connection has different properties, functions, and characteristics.
Researchers will conduct experimental tests to study the effect of load on deflection in
each type of cold rolled steel beam-column connection. So, with this research, it is
expected to obtain connection strength data for cold rolled steel so that it can be the
basis for planning cold rolled steel bars.

2. METHOD

This research was conducted with a quantitative approach using experimental
methods by conducting tests in the laboratory and numerical calculation methods using
software to compare test results. This study uses 12 cold rolled steel joint test specimens
4 connection variations where the load, deflection and collapse mode obtained are data
from readings recorded by data loggers, dial gauges, and visual observations. Then the
results obtained are processed to obtain a graph of the load-deflection relationship and
an image of the failure mode that occurs.

The test object used in this study is cold rolled steel with a profile used is a double
channel back-to-back C (channel) profile. Cold rolled steel in this study is assembled
into a beam-column connection system, where there are 4 types of test objects with
variations in the connection. Cold rolled steel used in this study is cold rolled steel C75
profile with a thickness of 0.75 mm. The screw used in this test object is a self-driving
screw A325 type. The connections used in this study are beam-column connections with
screws, screws - gusset plates, screws - angle cleats, and angle cleats - gusset plates.
Each type of connection is made as many as 3 test objects, where there are 4 types of
connection configurations, so that the test objects in this study amounted to 12 test
objects. For screw connections marked with code B, BP gusset screw-plate connections,
BS elbow-screw-plate connections, and CBN gusset-plate screw-plate connections. For
each type of connection, a strain gauge is attached with an additional strain code (B-
strain, BP-strain, etc.)

B.
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Image 1. Illustration of test object, (a) screw connection. (b) screw-gusset plate connection, (¢)
angle cleats-screw connection, (d) gusset plate-plate joint

Data analysis in this study used quantitative descriptive analysis techniques. The
data were obtained based on the results of experimental tests and numerical calculations.
The data obtained is data that is in accordance with the research objectives, namely the
value of load, deflection, and failure mode, where the data obtained is collected in a
table, then the relationship between the data, namely load and deflection, is presented in
a graph. The deflection data is obtained by looking at the value on the dial gauge, where
in this study the deflection value is seen from the dial gauge at the end of the span (1). 2
is a dial gauge at the end of the beam that serves to see the value of the lateral deviation
that occurs in the beam.3 to see the drop in the beam at the joint. 4 and 5 are located at
the top and bottom of the column to see if there is a change in the shape of the column
where 3 is to see column displacement and 4 is to see column settlement. The failure
mode is obtained by visual observation of the test object and data in the form of image
documentation. Researchers use Microsoft Excel to simplify the process of calculating
and drawing graphs. For the numerical calculation of the deflection value using the
formula:y= P.LL3/3EI

and for the value of the load using the formula for stress and moment as follows:
o= M.y/l

Mx=P . X
Where the experimental test results are collected using table 1 below and the
relationship between load and deflection values is shown by the graph in Figure 3.

Table 1.Test form

TEST RESULT FORM |
TEST OBJECT CODE
TEST DATE
1 2 3 4 Type
NO P
(kN) mm mm Mm Mm  Collapse
1
2
3
4
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Figure 2. Load and Deflection Relationship Graph
3. RESULT

3.1. Data Description

Before testing the transverse load on the flexural member at the joint of the cold
rolled steel column beam, it is necessary to know the mechanical properties of the
material used. It aims to obtain the quality value of the cold rolled steel material used.
The cold rolled steel material used in the study must meet the specified design stress
criteria. The minimum yield stress (Fy) and the modulus of elasticity have been
regulated in SNI 7971: 2013 regarding cold rolled steel structures, where in SNI 7971:
2013 the minimum yield stress value is 550 MPa and the modulus of elasticity is
200,000 MPa. In the tensile test of the material that has been carried out, the yield stress
value is 566 MPa, the strain value is 0.00267 and the modulus of elasticity E = 195323
MPa.
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3.2. Maximum Load That the Beam Can Bear With Variation Of Connections.
Data reading is supported using Load Cell, Data Logger and Dial Gauge. Notation
is given to each test object using the initials of the connection type.

Table 2. Strength Data Screw Connection

Connection Type Test Object Notation Flexural Strength  Average Strength

(kN) (kN)
Bl 1.17

Screw B2 1.2 1.26
B-STRAIN 1.5

1.6

1.4

1.2

1
2
STRAIN

0.8

BEBAN
(kN)

0.6

0.4

0.2
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Figure 3. Screw Connection Strength Chart

In the table and graph of the screw connection strength, it can be concluded that the
average load that can be carried by the column beam structure with screw connections is
1.26 kN, where the largest load that can be carried is 1.5 kN on the test object with code
B Strain and the smallest is 1.17 kN on the object. test with code B1.

Table 3. Strength data Screw-Gusset Plate Connection

Flexural Strength Average Strength
Connection Type Test Object Notation

(kN) (kN)
BP1 1.56

Bolt-Plate Screw BP2 1.21 1.43
BP-STRAIN 1.53
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Figure 4. Strength Graph of the Bolt-Gusset Plate Joint

In the table and graph of the strength of the screw-plate gusset connection, it can be
concluded that the average load that can be carried by the column beam structure with
the screw-plate gusset connection is 1.43 kN, where the largest load that can be carried
is 1.56 kN on the test object with code BP 1 and the smallest 1.21 kN on the test object
with code BP2.

Table 4. Strength Data Angle Cleats-Screw Connection

Flexural Strength  Average Strength
Connection Type Test Object Notation

(kN) (kN)
BS1 1.95

Screw-Angle cleats BS2 2.08 1.92
BS-STRAIN 1.79
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Figure 5. Strength Graph of Angle cleats-Screw Connection

In the table and graph of the strength of the elbow-screw connection, it can be concluded
that the average load that can be carried by the column beam structure with the screw-plate
gusset connection is 1.92 kN, where the largest load that can be carried is 2.08 kN on the test
object with code BS 2 and the smallest 1.79 kN on the specimen with the code BS strain.

Table 5. Strength Data Connection of Screw-Gusset Plate-Angle cleats

Flexural Strength  Average Strength

Connection Type Test Object Notation
(kN) (kN)
CBNI1 1.63
Bolt-plate screws. angle cleatss CBN2 1.46 1.60
CBN-STRAIN 1.73
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Figure 6. Graph of the connection strength of the screw-gusset plate-angle cleats

In the table and graph of the connection strength of the screw-gusset plate-angle
cleats, it can be concluded that the average load that can be carried by the column beam
structure with the screw-plate gusset-angle cleats connection is 1.60 kN, where the
largest load that can be carried is 1.73 kN at the test object with the code CBN-STRAIN
and the smallest 1.46 kN on the test object with the code CBN2.

3.3. Deflection Produced By Beams With Various Types Of Rolled Steel
ConnectionsCold.
After testing the connection strength using Load jack at the end of the beam, there
was a disposition (deflection) on the beam. The notation used remains the same as the
notation for the compressive strength of cold rolled steel.

Table 6. Screw Connection Deflection Data

Connection Type Test Object Notation Deflection  Deflection

(cm) (cm)
Bl 4.1

Screw B2 1.6 2.9
B-STRAIN 3.0
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Figure 7. Screw Connection Deflection Graph

In the table and graph of the deflection of the screw connection, it can be concluded that the
average deflection produced by the load on the column beam structure with screw connections is 2.9
cm, where the largest deflection is 4.1 cm on the test object with code B1 and the smallest is 1.6 cm
on the test object with code B2.

Table 7. Deflection Data of Screw Connection- Gusset Plate

Connection Type Test Object Notation Deflection  Deflection

(cm) (cm)
BP1 9.2

Bolt-Plate Screw BP2 7.6 6.0
BP-STRAIN 3.6

10.0
9.0 9.2
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0

Wepr1
Wep2
W BP STRAIN

LENDUTAN
(cm)

0.0

SAMBUNGAN SEKRUP-PLAT BUHUL

85



Figure 8. Deflection Graph of the Bolt-Plate Joint

In the table and graph of the deflection of the screw-plate gusset connection, it can
be concluded that the average deflection produced by the load on the column beam
structure with screw connections is 6.0 cm, where the largest deflection is 9.2 cm on the
test object with code BP1 and the smallest is 3.6 cm on the object. test with BP
STRAIN code.

Table 8. Deflection Data of Screw Connection - Angle cleats

Deflection Deflection
Connection Type Test Object Notation

(cm) (cm)
BS1 1.6

Screw-Angle cleats BS2 1.2 2.2
BS-STRAIN 4.0
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Figure 9. Deflection Graph of Angle cleats-Screw Connection

In the table and graph of the deflection of the screw-angle cleats connection, it can
be concluded that the average deflection produced by the load on the column beam
structure with screw connections is 2.2 cm, where the largest deflection is 4.0 cm in the
test object with the BS-STRAIN code and the smallest is 1.2 cm. on the test object with
the code BS2.

Table 9. Data Deflection Of Screw Connection-Angle cleats

Deflection Deflection
Connection Type Test Object Notation
(cm) (cm)

Screw-Tush Plate-Angle cleats CBNI1 6.2 4.9
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Figure 4.10. Deflection Graph of the Screw-Tush Plate-Angle cleats

In the table and graph of the deflection of the screw-plate gusset-angle cleats it
can be concluded that the average deflection produced by the load on the column beam
structure with the screw-plate gusset-angle cleats connection is 4.9 cm, where the
largest deflection is 6.2 cm on the test object. with CBN1 code and the smallest is 3.7
cm on the test object with CBN2 code.

3.4. Relationship Between Load and Deflection in Variation of Cold Rolled Steel

Connections.

The relationship between the load and the deflection at the beam-column
connection is obtained from testing at the farthest point on the beam from the cold
rolled steel connection by periodically loading the load by the loading jack until the test
object reaches its maximum load. The test results of the relationship between load and
deflection in this study are shown in the following table 4.11.

Table 10. Load Data And Connection Deflection

Test Compressive Deflection Average Average
Connection Type Object Strength (kN) (cm) Compressive Deflection
Notation g Strength (kN) (cm)
Bl 1.17 41
Screw B2 1.2 16 1.26 2.9
B- 1.5
STRAIN ) 3.0
Bolt-Plate Screw BP1 1.56 92 1.43 6.0
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3.5. Failure Modes That Occur In Variations Of Cold Rolled Steel Joints.

When the load reaches its peak, the cold rolled steel column beam structural
member will be damaged. Such damage will be observed as a failure mode.

Figure 4.10. Failur at the Screw Joint

In the screw connection, the damage that occurred in the three test specimens was
similar, namely the damage started with flexural buckling in the cold rolled steel beam.
Furthermore, the cold rolled steel connection plate is torn from the top to the bottom of

the profile.
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Figure 4.11. Failure of the Gusset-Plate Screw Connection

For the screw-plate gusset connection, the damage begins with flexural buckling in
the cold rolled steel beam. Then the gusset plate collapses so that it is no longer able to
withstand flexural buckling due to axial loads on the cold rolled steel beam.

Figure 4.11. Failure at the Angle cleats-Screw Joint

Damage to the screw-plate elbow joint begins with flexural buckling of the cold
rolled steel beam. Then the angle cleats that holds the beam on the column is damaged
and is followed by a tear in the connecting plate.

Figure 4.12. Failure in the Screw-Tush-Plate Joint-Angle cleats
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Damage to the screw-gusset plate-angle cleats connection is a large flexural
buckling of the cold-rolled steel beam, due to the gusset plate being damaged by the
load. So that due to the bending of the beam that is too large, the angle cleats that holds
the beam is damaged.

4. DISCUSSION
4.1. Maximum Load That The Beam Can Bear With Variation Of Connections

The maximum load that the beam can withstand at each connection variation has a
different value. In this study, the experimental load bearing is located at the end of the
beam. This is because in the cantilever structure the maximum load is at the end of the
rod. From the results of testing the strength of the cold rolled steel column beam
connection, it can be seen that the connection that can withstand the largest to the
smallest load is the screw-angle cleats connection with an average of 1.92 kN, the
screw-gusset plate-angle cleats connection with an average of 1.60 kN. , screw-plate
gusset connections averaged 1.43 kN, and screw connections averaged 1.26 kN. From
the results of testing the strength of the cold rolled steel column beam connection
described above, it can be concluded that the connection that can withstand the smallest
load is the screw connection with an average of 1. 26 kN. Research results byMartin et
al., (2016) explains that the addition of a gusset plate to a cold rolled steel screw
connection increases the strength of the joint. This is in line with the results of the study
that there is an increase in the flexural strength of the screw-gusset plate connection
compared to the screw connection. In research byAminuddin et al., (2020)stated that the
addition of an angle cleats to the joint increases the joint capacity. This is also in line
with the results of the study that the elbow screw-plate connection experienced an
increase in strength compared to the screw connection.

Through the calculation of the flexural capacity of the beam, it can be seen that the
experimental test results of the flexural strength of the cold rolled steel connection
variations did not reach the analytical value of the flexural capacity of the beam. The
percentages of experimental results on the analysis of screw connections, gusset screws,
angle cleats-screws, and gusset screws and angle cleatss respectively were 31%, 35%,
47%, 39%.

4.2. Deflection Produced By Beams With Various Types Of Rolled Steel
ConnectionsCold

The value of the deflection of the beam at the maximum load for each variation of
the connection has a different value.that the average deflection that occurs in the screw
connection is 2.9 cm, for the screw-gusset plate connection the average is 6.0 cm, the
screw-angle cleats connection is 2.2 cm, and the screw-gusset plate-angle cleats
connection is 4.9 cm then the smallest average deflection is at the screw-angle
connection.

The deflection value at the elbow screw-plate connection is the smallest with an
average of 2.2 cm. Connections with gusset plates which are expected to increase the
capacity of screw connections actually have the largest deflection with an average
deflection of 6.0 cm. this is due to the difference in the material of the connecting plate
between the screw connection and the screw-gusset plate connection. Ye et al.,
(2020)explained that the use of gusset plates as connecting elements of beams and
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columns increases the ductility of the structure.Bué¢mys and Daniunas (2017)added
thatThe bending that occurs at the gusset plate connection is due to the difference in
yield stress between the gusset plate used and the cold rolled steel. This is supported by
research byHenry (2010)who examined the tensile strength of mild steel and ordinary
steel and obtained the yield stress of mild steel is 330 MPa and ordinary steel is 410
MPa. So that the ability of the gusset plate connection to experience post-elastic
deviation is greater than that of the screw connection. This is what causes the deflection
that occurs before the structure is damaged at the screw-plate gusset connection which
is greater than the screw connection.

Dundu and Maphosa (2010)explained that the addition of angle cleatss in cold
rolled steel joints to prevent premature failure due to bending and torsion. This is in line
with the results of this study where the value of deflection at the screw connection and
screw-gusset plate connection becomes smaller when the angle cleats is added, where
there is 27% reinforcement in the screw connection and 21.75% reinforcement at the
gusset plate connection after adding the angle cleats.

4.3. Relationship Between Load and Deflection in Variation of Cold Rolled Steel
Connections.

In SNI 1729 of 2002, it is written that the allowable deflection for ordinary steel
beams is L/240. Then the allowable deflection for cold rolled steel with a beam length
of 500 mm is 2.08 mm. After that the allowable deflection value is entered on the load
and deflection graph using the Microsoft Excel application, it is found that all test
objects have passed the allowable deflection value. From the load and deflection
relationship, it can be seen that the elbow screw-plate connection has the highest
average load resistance and the lowest deflection value, while the connection with the
lowest load resistance and deflection value is the screw-plate gusset connection. It can
also be seen that the entire connection has passed the allowable deflection value, where
in the screw connection, the load on the allowable deflection is 0.7 kN, 0.9 kN, and 0.39
kN. In 0.13 kN, 0.2 kN, gusset plate screw connections, and 0.59 kN. In the 1.2 kN,
1.56 kN and 0.36 kN elbow-plate screw connections. At the screw-plate-gusset-elbow
joints, 0.42 kN, 0.2 kN, 0.52 kN.

4.4. Types of failure that occur in variations of cold rolled steel joints.

The initial failure that occurs in each type of connection is almost the same, which
is caused by large flexural buckling. Then followed by damage to the connection. In 4
types of connection, the damage occurred to the connection plate, while the screw was
not damaged. The structural components of all test objects have not melted, as indicated
by the results of test data using a strain gauge.

In the screw connection, the result of flexural buckling causes the plate connecting
the beam to the joint to tear. This damage was explained in research by Budget (2014)
which states that this condition is called tear out, where the condition of the joint plate
support is tearing when the plate support area is unable to withstand the tensile load due
to the lack of quality of the connection plate. The tear starting at the tensile part of the
connection proves that the connection plate is not strong enough to withstand the
bending that occurs.

In the screw-gusset plate connection, damage occurs to the gusset plate, where the
gusset plate fails to withstand the axial load. Bu¢mys and Daniunas (2017) explain that
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the bending that occurs at the connection of the gusset plate is due to the difference in
yield modulus between the gusset plate used and the cold rolled steel. So that the ability
of the gusset plate connection to experience post-elastic deviation is greater than that of
the screw connection. So, that at the screw-gusset plate connection, the greatest
deflection occurs as a result of the failure of the gusset plate to withstand the load. This
was added byRosyidah & Tjondro (2018) stated that the failure of the gusset plate was
caused by a thin plate and errors during installation so that the plate position was not
right. Also, holes in the plate due to the screws used and the wrong position of the
screws can weaken the connection (Setiyarto, 2012.). So with the method of
implementing the gusset plate connection in this study, it was concluded that the failure
of the gusset plate was caused by a thin plate, and the installation of screws on the
gusset plate was not perfect.

There are 2 damage to the screw-angle cleats connection, which occurs on the angle
cleats that holds the beam on the column and on the connecting plate. The damage starts
at the joint plate due to bending which is tearing out due to bending. Furthermore,
damage to the angle cleats occurs because the angle cleats can no longer withstand
bending due to the load so that the screw on the upper angle cleats is unable to
withstand the pull that occurs so that it is pulled out. However, the use of angle cleats as
joint components has proven to be successful in providing effective reinforcement for
cold rolled steel joint components. This is evidenced where there is reinforcement to
withstand the load on the screw connection by 52%, and the reinforcement to withstand
deflection of the screw connection is equal t027% and reinforcement of 21.75% at the
gusset plate connection.

In the screw-gusset plate-angle cleats connection, the initial damage occurs due to
the gusset plate not being able to withstand bending flexure so that the deflection that
occurs is large enough. Then followed by damage to the angle cleats on the tensile area
beam which was unable to withstand the large bending of the beam so that it
experienced a pull out.

In general, the damage to the variations of cold rolled steel joints in this study
occurred due to structural instability due to the applied axial load. The instability that
occurs due to axial loads is the occurrence of large flexural and lateral deformations.

5. CONCLUCION
1. The average maximum load that can be endured at the screw connection
variations is 1.26 kN, the screw-gusset plate connection is 1.43 kN, the screw-
angle cleats connection is 1.92 kN, and the screw-gusset plate-angle cleats
connection is 1.60 kN . The results of the maximum load in the experiment still
have not reached the maximum load of the analysis results, where the results of
the analysis show that the maximum load is 4.02 kN.

2. The average value of the deflection that occurs at the maximum load on the
screw connection is 28.67 mm, at the gusset plate screw connection is 58.99 mm,
the deflection at the screw-angle cleats connection is 22.44 mm, and the
deflection at the screw-gusset plate-angle cleats connection is 48.95 mm. The
experimental deflection value exceeds the analyzed deflection value and the
allowable deflection value, where the analyzed deflection value is 6.43 mm and
the allowable deflection is 2.08 mm.
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3. From the graph of the load-deflection relationship, a comparison can be obtained
between the results of the experimental test and the analysis. Where it can be
seen that the value of the load and deflection of the experimental results does not
reach the value of the load and deflection of the analysis results. The
experimental test results on the analysis results on the value of the load on the
screw connection, gusset screws, elbow screws, and successive gusset plates-
angle cleatss each only reached31%, 35%, 47%, 39%.from the results of the
analysis, so that from this value, the reduction factor for the analysis calculation
is 0.38. For the experimental test results on the results of the analysis on the
value of deflection at the screw connection, gusset screws, elbow screws, and
successive gusset plates, the angle cleatss exceeded the analytical values of
446%, 942%, 349%, and respectively. 773%. So from this value, the reduction
value for deflection analysis is 6.1. From the graph it can also be seen that the
deflection has passed the allowable deflection, where at the screw connection,
each test object passes the allowable deflection value when the load reaches 0.7
kN, 0.9 kN, and 0.39 kN. In screw-plate gusset connections 0.13 kN, 0.2 kN,
and 0.59 kN. In the 1.2 kN, 1.56 kN and 0.36 kN elbow-plate screw connections.
At the screw-plate-gusset-elbow joints, 0.42 kN, 0.2 kN, 0.52 kN.

4. At the screw connection the damage that occurs is a tear in the connection plate
(tear out), at the gusset plate connection the damage that occurs is the collapse of
the gusset plate, at the screw-angle cleats connection the damage that occurs is 2,
where the damage starts with a tear in the connection plate ( tear out) and
followed by damage to the screw that suffered pull out damage, and at the
connection of the screw-gusset plate-angle cleats there were 2 damage, the first
was the collapse of the gusset plate due to flexural buckling and lateral buckling
and continued with damage pull out the screw (pull out).
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